Induction of neutrophil apoptosis and secondary necrosis during endotoxin-induced pulmonary inflammation in mice.
The present study investigated the relationship between apoptotic and necrotic cell death and their role in pulmonary inflammatory response to endotoxin. Pulmonary administration of lipopolysaccharide (LPS) caused a rapid increase in the levels of pro-inflammatory cytokine TNF-alpha and inflammatory cell influx in the bronchoalveolar lavage (BAL) fluids. Control mice showed only resident alveolar macrophages with no apoptosis, whereas LPS-treated mice showed clear apoptosis of BAL cells. Microscopic studies confirmed the presence of apoptotic neutrophils and macrophages ingesting apoptotic bodies. The number of apoptotic neutrophils increased concomitantly with the increase in neutrophil influx which peaked 1 day after the treatment. However, necrosis was not detected at this early time, but increased subsequently and peaked at day 3. The levels of necrosis and apoptosis were both elevated and prolonged at high LPS doses. Treatment of mice with phosphatidylserine (PS)-containing liposome, known to inhibit macrophage phagocytosis of apoptotic cells, increased the level of apoptosis and necrosis caused by LPS, whereas control non-PS liposome or saline treatment had no effects. We conclude that necrosis occurs secondary to apoptosis in LPS-treated lung model and that this development is not the result of direct insult by LPS. Instead, our results and previous studies suggest that inefficient clearance of apoptotic cells by macrophages contributes, at least in part, to the levels of apoptosis and necrosis induced by LPS. Because necrosis is associated with cell damage and release of histotoxic contents, this development is likely to play a role in determining the severity and duration of lung toxicity induced by endotoxin.